Abstract The present study examined the psychometric characteristics of a ''core-set'' of six individual questions (on pain, function, symptom-specific well-being, work disability, social disability and satisfaction) for use in low back pain (LBP) outcome assessment. A questionnaire booklet was administered to 277 German-speaking LBP patients with a range of common diagnoses, before and 6 months after surgical (N=187) or conservative (N=90) treatment. The core-set items were embedded in the booklet alongside validated 'reference' questionnaires: Likert scales for back/leg pain; Roland and Morris disability scale; WHO Quality of Life scale; Psychological General Well-Being Index. A further 45 patients with chronic LBP completed the booklet twice in 1-2 weeks. The minimal reliability (similar to Cronbach's alpha) for each core item was 0.42-0.78, increasing to 0.84 for a composite index score comprising all items plus an additional question on general well-being ('quality of life'). Floor or ceiling effects of 20-50% were observed for some items before surgery (function, symptom-specific well-being) and some items after it (disability, function). The intraclass correlation coefficient (ICC) (''testretest reliability'') was moderate to excellent (ICC, 0.67-0.95) for the individual core items and excellent (ICC, 0.91) for the composite index score. With the exception of ''symptom-specific well-being'', the correlations between each core item and its corresponding reference questionnaire (''validity'') were between 0.61 and 0.79. Both the composite index and the individual items differentiated (P<0.001) between the severity of the back problem in surgical and conservative patients (validity). The composite index score had an effect size (sensitivity to change) of 0.95, which was larger than most of the reference questionnaires (0.47-1.01); for individual core items, the effect sizes were 0.52-0.87. The core items provide a simple, practical, reliable, valid and sensitive assessment of outcome in LBP patients. We recommend the widespread and consistent use of the core-set items and their composite score index to promote standardisation of outcome measurements in clinical trials, multicentre studies, routine quality management and surgical registry systems.
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Introduction
The notion that the outcome of treatment for musculoskeletal disorders should no longer be assessed solely (or even primarily) on the basis of imaging results, technical success, or objective functional/physiological measures is gaining increasing recognition. It is generally acknowledged that the success of any intervention for back pain should also be judged in relation to the patient's perception of the benefit gained-usually in terms of its effect on their pain, disability in everyday activities, work-capacity, quality of life, etc. [13] . Such measures are indispensable, as they assess the factors that will, ultimately, determine whether the patient is able to resume a normal working and social life again, or will, instead, continue to make use of the available healthcare resources.
The relative importance of the different dimensions of outcome to any given patient is difficult to estimate and is most likely dependent upon certain demographic characteristics of the patient (age, work-status, habitual activity level) and his or her main symptoms (pain, neurological deficit, deformity, functional disability) as well as the specific treatment administered. This means that, if a comprehensive evaluation of treatment efficacy is to be made, a range of different instruments must be used. However, when batteries of long questionnaires are administered, patient-compliance is likely to decline [17] . For large-scale quality management studies or studies of treatment effectiveness, it is often more important to examine the perceptions of the majority in regard to a few key issues than to examine the outcome of just a select few in great detail. This then requires the use of short, concise questionnaires, which nonetheless display the necessary psychometric characteristics of a valid outcome instrument.
To meet these needs, an international group of experts in primary care research put together a parsimonious six-item core-set of questions that would be practical for use in a wide variety of settings, including routine clinical care, quality management and more formal research [14] . The six-item ''core-set'' comprised several dimensions of outcome, each with a single item: pain severity (separately for back and leg); function; symptom-specific well-being; disability (work); disability (social role); plus 'satisfaction' with treatment. Each of the questions had been studied and validated elsewhere, sometimes as a component of other longer questionnaires [14] . The authors conceded that more data on the responsiveness of these measures and their application in languages other than English was required before they were implemented on a regular basis. However, there are still no reports in the peer-reviewed literature (other than in abstract form [30] ) of the psychometric properties of the core-set per se. The present study sought to examine the test-retest reliability, validity, and responsiveness of the individual core-measures, and of a combined core measures composite index, in a large group of Germanspeaking low back pain (LBP) patients.
Methods

Study population
Patients were recruited from the spine centres of two neighbouring orthopaedic hospitals and from two chiropractic clinics. Inclusion criteria were low back and/or leg pain for a duration of at least 1 month and fluency in the German language. Exclusion criteria were severe medical problems (e.g. tumour, infection) or acute spinal injuries. During their visit to the hospital/chiropractic clinic for a consultation, all patients were invited to complete a questionnaire booklet. A total of 388 patients agreed to do so. Of these, 348 were sent a follow-up questionnaire booklet 6 months later (40 were not sent a second, due to administrative errors in the recall system, death of the patient, the patient didn't go on to receive the planned operation, etc.). Out of the 348 patients, 277 completed and returned the follow-up questionnaire giving a return rate of 80%. Details of the demographic characteristics of the patients are shown in Table 1 Roland and Morris [31] Exner and Keel [19] -Quality of life (WHOQOL-BREF: physical, psychological, social, environment) [36, 37] The core-set questions of Deyo et al. [14] (see Table 2) were presented together with these reference questionnaires, at the beginning of the booklet.
At the 6-month follow-up, the above questions were presented again, along with three additional questions to assess: (1) satisfaction with overall medical care (as in the original set of Deyo et al [14] ); (2) the global outcome of treatment (developed by ourselves to act Note. * scales inverted for each scale (such that 1=''best result'' and 5=''worst result'') before entered into the composite-index score M1, M2 mean value at baseline and at follow-up, respectively; t tscore from the t-test analysis; P significance of difference between mean values on the two occasions; ICC (intraclass correlation coefficient) (MS between participants)MS within participants)/ ((MS between participants + MS within participants)·(n)1)); CI ICC 95% confidence intervals for the ICC; SEM (standard error of measurement) (SEM = SD baseline·SQR(1)rtt (where rtt=test-retest correlation, determined from the ICC)); MDC95 minimum detectable change score; MDC95% MDC95 as percentage of maximum score.*see Table 2 for interpretation of score ranges as an external criterion for treatment outcome, with which to assess the sensitivity to change of the core-set questions); (3) the percentage improvement in the back problem (also developed by ourselves, to be used to cross-validate the results of the category answers derived from the second global outcome question) (see Table 2 ). All the full questionnaires to be used to assess the convergent validity of the core measures had been validated in the German language in previous studies. For the core-set questions, validated German versions for the pain visual analogue scales (VAS) and for function were already available from our previous questionnaire-validation studies [27, 32] ; the remaining four items were translated by two bilingual native German speakers working together and then back-translated by a bilingual native English speaker to ensure that the translation accurately reflected the original English versions [22] .
Examination of the psychometric properties of the questionnaires
Reliability assessment
The test-retest reliability was assessed in a group of 45 patients with chronic LBP (>3 months) who completed the questionnaire booklet twice over a period of 1-2 weeks (questionnaires sent out twice by mail). Table 2 summarises the comparisons conducted with the reference questionnaires to examine the convergent validity of the core items.
Convergent validity of the core-set measures
The scores from the core item pain (maximum score from either back pain or leg pain 0-10 VAS) were compared with the average values from three 6-category Likert scales (for ''pain today'', ''worst pain in the last week'', ''least pain in the last week'').
The scores from the core item back function were compared with the Roland Morris disability scores and with the scores from the physical sub-scale of the WHOQOL-BREF questionnaire.
The scores from the core item symptom-specific wellbeing were compared with those from the physical subscale of the WHOQOL-BREF questionnaire. The scores from an additional item that we believed might improve the existing core-set, general well-being (a single question from the WHOQOL-BREF questionnaire, enquiring about overall quality of life), was compared with the scores of the general life satisfaction sub-scale of the psychological general well-being (PGWB) index. The scores for each of the well-being questions were also compared with the whole score of the WHOQOL-BREF questionnaire. For the disability item from the core-set (number of days 'out of action'), it was difficult to find a direct reference questionnaire. However, we examined the scores for this in relation to the Roland Morris disability score, on the assumption that the more disabled a patient is, the more absence from work he/she is likely to exhibit. The mean values from the ''disability (social role)'' and ''disability (work)'' were used, as many nonworking patients had not completed the work question, and in those patients who completed both, the scores were often relatively similar.
From the five core-set items (pain, function, symptom-specific well-being, general well-being, disability) a composite index score was constructed. Firstly, all scales were linearly transformed into a 0-10 format. Pain intensity was already measured in this format, whilst function, and symptom-specific and general well-being were measured with a 1-5 point Likert scale (transformed according to the formula: category score marked by the patient )1·2.5). Disability (work) and disability (social role) were measured in days of work incapacity/ restricted activity over the last month and could theoretically range from 0 to 31. These were firstly recoded into five categories to provide a similar scale as for the other items: (1) 0 days, (2) 1-7 days (3) 8-14 days (4) 15-21 days (5) >22 days, before being transformed to the 0)10 format.
The five transformed core-item scores were averaged to form a composite core index that ranged from 0 to 10.
Data analysis and statistics
Test-retest reliability
Paired t-tests were used to examine the significance of the difference in mean values for the two completions of all the questionnaires. The intraclass correlation coefficient (ICC) and the standard error of measurement (SEM) (or typical error of measurement) for the repeated trials, each with their 95% confidence intervals, were also determined. The SEM can be used to indicate the ''minimum detectable change'' (MDC 95% ) for the scale i.e. the degree of change required in an individual's score, in order to establish it (with a given level of confidence) as being a ''real change'', over and above measurement error [2] [24]. At the 95% confidence level, this is defined as 1.96·Ö2·SEM which is equivalent to 2.77·SEM.
The internal consistency/internal reliability for each full scale was assessed with Cronbach's alpha (for both baseline and follow-up questionnaires) and for the individual items, with estimates of the minimal internal reliability. Cronbach's alpha indicates the strength of the relationship between all the items within the test instru-ment i.e. it examines the extent to which the instrument measures a single trait or characteristic. When a scale has only one item, there is no obvious way to calculate Cronbach's alpha. However, when there is a scale available that measures the same construct, the correlation with this scale can be used to calculate the minimal reliability of the single item [29] [34] . The resulting value represents the lower bound (i.e. a conservative estimate) of the internal reliability coefficient (minimal internal reliability) [29] [34] .
Tests of construct validity indicate the extent to which an instrument's scores relate to those of other instruments in the way that one would expect, indicating that the instrument is really measuring the construct it is supposed to measure. This was assessed using two approaches. In the first approach, the relationship between each of the core-set items and its corresponding full scale was examined using Pearson product-Moment correlations. In the second approach, the significance of the differences between the mean scores of the conservative and surgical patients, for each of the core-set items and each of the full questionnaires, were examined using analysis of covariance (controlling for age and gender). This is based on the premise that surgical patients should have higher values for pain, disability, etc. than patients for whom conservative treatment was considered sufficient.
Floor and ceiling effects refer to the proportion of patients that obtain the lowest or highest possible score for the given scale, and for whom any transition to an even more extreme status would therefore not be measurable with that scale.
Responsiveness indicates the ability of an instrument to detect small but clinically important changes [15] . Responsiveness was calculated for the individual core-set questions, the whole core-set index and the full-scale questionnaires, using three different methods. Firstly, paired t-tests were used to examine the significance of the change in group mean scores from pre-treatment to 6 months post-treatment. Secondly, the effect size for the change in score was calculated by taking the mean of all the individual changes in score and dividing this by the standard deviation of these change scores [4] . Generally, an effect size of 0.2 is considered small, 0.5 moderate and 0.8 large [9] . Thirdly, the sensitivity and specificity of the given score relative to the patient global outcome was examined using the receiver operating characteristics (ROC) method [15] . Determining instrument responsiveness can be considered analogous to evaluating a diagnostic test, in which the instrument is the diagnostic test and the global outcome represents the gold standard [15] . The ROC curve synthesises information on sensitivity and specificity for detecting improvement according to some dichotomised, external criterion. It consists of a plot of 'true positive rate' (sensitivity) versus 'false positive rate' (1)specificity) for each of several possible cut-off points in change score [15] . Thus, sensitivity and specificity are calculated for a change score of 1 point, 2 points and so on. In the present study, the 5 global outcome categories for the overall result of the treatment were collapsed to provide a dichotomous outcome variable: ''good outcome'' (very good, good) and ''poor outcome'' (satisfactory, bad, worse than before). It was considered that, for elective procedures, satisfactory was not really a clinically good outcome, and hence the cut-off point for a good outcome was placed above this. The area under the ROC curve was interpreted as the probability of correctly discriminating between patients with a good and a poor outcome, using the change in the questionnaire scores; the area can range from 0.5 (no accuracy in discriminating) to 1.0 (perfect accuracy in discriminating). The ROC curve was also used to indicate the cut-off score change for distinguishing between good and poor outcomes [16] . This was determined using the simple approach of minimising errors (equivalent to maximising the sum of the specificity and sensitivity) [1] , and quantified with the Youden index [38] . Statistical significance was accepted at the P<0.05 level.
Results
Test-retest reliability
There was no significant difference between the mean scores on the two test occasions for any of the core items or for the full reference scales (Table 3) .
Most of the individual core items showed good testretest reliability: the intraclass correlation coefficients (ICC) ranged from 0.67 (symptom-specific QoL) to 0.95 (disability). The ICC for the 0-10 core index score was 0.91 (95% CI 0.83-0.95) and the standard error of measurement (SEM) was 0.63. The ''minimum detectable change'' (MDC 95% ) for the core index was thus calculated to be 1.7 points. For all the full reference scales, with the exception of 'disability', the test-retest reliability was slightly higher than for the corresponding single item (Table 3) .
Internal consistency/minimal internal reliability
The estimate of minimal internal reliability for symptom-specific well-being was low, ranging from 0.07 to 0.26; this was the result of this item not correlating at all with its reference questionnaire (see below; Construct validity), as a good correlation between these two is required in order to estimate the minimal internal reliability for a one-item scale (see Methods). For all other core items, the estimates of minimal internal reliability ranged from 0.41 (function) to 0.78 (pain symptoms) ( Table 4 ). For the core item index score, the corresponding value was 0.75 in the baseline sample and 0.84 at the 6-month follow-up. For the reference scales, the Cronbach's alpha coefficients were all relatively high, ranging from 0.74 (Likert pain scale) to 0.94 (WHO-QOL-BREF whole score).
Floor and ceiling effects
At baseline and at follow-up, some items showed notable floor and ceiling effects, although none to the extent cited as ''adverse'' (>70%) for health-related quality of life questionnaires [25] : 'function' demonstrated 31% ceiling effects and 20% floor effects at baseline and at follow-up, respectively; at follow-up, 'disability' showed 41% floor effects; and at baseline, symptom-specific well-being showed 50% floor effects (Table 5 ). All remaining items as well as the composite index demonstrated floor or ceiling effects less than 20% (Table 5) .
For the two questions on satisfaction with treatment and global treatment outcome, there were in each case approximately 30% ceiling effects.
Construct validity
Correlation between the core items and the corresponding reference scales
The core items showed a moderate to high correlation with their corresponding reference questionnaires (r=0.60-0.79; Table 4), with the exception of the item symptom-specific well-being: the correlations between the latter and the chosen reference scales (the WHOQoL physical quality of life, and WHOQoL whole score) were significant but very low (r=0.31 and r=0.25, respectively). Symptom-specific well-being also showed only a minimal correlation with the majority of other scales examined explicatively: with Roland Morris, r=0.25; PGWB life satisfaction, r=0.20; WHOQoL total score, r=0.25. It exhibited the highest correlation with the Likert pain scale (r=)0.39 at baseline and )0.45 at follow-up). Table 5 shows the mean scores for each of the core items and for the reference scales, for the surgical and conservative patients, at baseline and at 6 month follow-up. For all items and questionnaires, the surgical patients showed significantly more extreme values at baseline (i.e. worse pain, disability, well-being, etc.) than did the conservative patients, indicating that the instruments had good validity. Although the scores in both groups (surgical and conservative) generally improved after treatment, significant differences between the surgical and conservative patients still persisted for most of the domains at follow-up, with the exception of symptom-specific well-being. For many domains, the status of the surgical patients 6 months after their operation was similar to that of the conservative patients at baseline (i.e. before their treatment). There was a tendency (not significant) for a greater satisfaction with care and a higher rating of treatment outcome in the conservatively treated patients compared with the surgical patients. a Estimate of Cronbach alpha reliability in single items calculated using the so called ''attenuation formula'' that estimates the true correlation between two scales that could be expected when measurements would include no measurement error (true rxy = rxy/ (sqr(rxx·ryy)), where rxx and ryy are the reliability coefficients of both scales and rxy is the correlation coefficient between the indexitem and the reference scale); the formula can also be applied when two measurements, one single item and a scale represent the same construct. In this case, expectation of the true correlation is 1. Setting the estimate of the true correlation (rxy) 1, one can estimate the Cronbach alpha of the item in calculating rxx = rxy2/ryy [29] b
Difference between surgical and conservative patients
Correlation between index-item and reference scale c the index comprised five items: pain symptoms, back function, general well-being, symptom-specific well-being and disability Table 5 shows the effect sizes (indicating the responsiveness or sensitivity to change of the measures) for each of the items and the reference questionnaires. For both conservative and surgical patients, the item general well-being had the smallest effect size (0.40 conservative, 0.59 surgical) and pain had the largest (0.81 conservative, 0.91 surgical). The effect size for the composite core index (all five items together) was large for both the conservative (0.89) and surgical (0.98) patients. The core index also had a larger effect size than any of the individual reference questionnaires, with the exception of the Likert pain scale (0.92 conservative, 1.05 surgical).
Effect sizes
Receiver operating characteristics (ROC)
The proportion of patients in each global outcome category were as follows: surgical 30.6% very good, 27.2% good, 23.3% satisfactory, 16.1% bad, 2.8% worse than before; conservative 30.6% very good, 36.0% good, 30.6% satisfactory, 1.4% bad, 1.4% worse than before. The outcome determined using this Likert scale question showed a high correlation (r=0.73) with the ratings on the percentage improvement scale, suggesting it had adequate construct validity. For the ROC analyses, the answers to the global outcome question were dichotomised as good (very good and good) and bad (satisfactory, bad, worse) (see Methods).
The area under the ROC curve was 0.77 (SE=0.03, P< 0.001) for the whole group (Fig. 1) , 0.67 for the conservative patients and 0.82 for the surgical group (each P<0.02; Table 6 ). This indicates that the core index had good discriminative ability, especially for the surgical patients. The lower value for the conservative patients most likely arose because very few of them reported the result of treatment as ''bad'' or ''worse than before'' to enable reliable distinction between the different outcomes (i.e. it effectively became an analysis between ''good'' and ''satisfactory'').
Cut-off score using ROC analysis
The ROC curve was used to indicate the best cut-off in the change in core-index score for distinguishing between good and poor outcomes in the surgical patients only (Fig. 2) . Optimising equally for both sensitivity and specificity, the cut-off point on the curve that is closest to the upper left corner of the ROC is selected, and the sensitivity and specificity at this point are given by the Youden index (J, J = sensitivity + specificity ) 1).
A cut-off for the change in core-index score of 3 points (on the 0-10 scale) predicted a good outcome with a sensitivity of 65.7% and specificity of 94.4% (Youden index, 0.601). Although we maintain that ''satisfactory'' should be considered as a poor outcome, out of interest we repeated the analysis with ''satisfactory'' in the ''good'' outcome group. The cut-off score for discriminating between good and bad outcomes was in this case 1.85 (sensitivity of 62.8% and specificity of 93.9%; Youden index, 0.567), which was still slightly higher than the minimal detectable change value.
Discussion
General considerations
The assessment of outcome in patients being treated for low back pain has received much attention over the last two decades. An increasing number of domains have been identified as necessary for a comprehensive, multidimensional evaluation of outcome, and a wide array of instruments is now available for these purposes [6] . However, the corollary of this is that the number and length of the questionnaires to be completed by the patient becomes burdensome. In a drive to provide a practicable solution to the problem, Deyo et al. proposed the use of a parsimonious set of core measures for use in low back pain outcome assessment [14] . It was suggested that the consistent use of these core measures would improve standardisation, facilitate comparability among studies, allow pooling of data and promote the development of more multicentre studies. The idea was Satisfaction with treatment: ''How satisfied were you with your overall medical care?''; Global outcome after treatment: ''How would you rate the overall result of your back treatment/operation?''; Improvement: ''To what extent has your back problem improved?'' a For scale ranges, see Table 2 .
b Effect size for responsiveness was calculated by dividing the difference between the mean baseline and the mean follow-up score by the standard deviation of the difference in scores ((mean follow-up score)mean baseline score)/SD of the difference in scores; effect size convention labels are small (0.30), moderate (0.50) and large (0.80, cf. Cohen [9] ). c
The index comprised five items: pain symptoms, back function, general well-being, symptom-specific well-being and disability. The five-item index was calculated as the mean of five ten-point (0-10) transformed item scores.
intuitively appealing, but no further studies on the psychometric properties of the core set were subsequently reported in the peer-reviewed literature (with the exception of one conference abstract [30] ). This may explain the apparent hesitation of the scientific community to implement the core set in daily practice or research: despite widespread citation of the original paper (150 citations; Science Citation Index), to the best of our knowledge, there have been no subsequent research reports in the peer-reviewed literature in which the parsimonious core measures were employed as outcome measures. We have completed a thorough examination of the reliability, validity and responsiveness of the core measures in a large group of both conservative and surgical patients presenting with the most commonly encountered LBP-associated diagnoses. The original six-item core-set covered several dimensions of outcome, including pain severity, function, symptom-specific well-being, disability (work, social role) and satisfaction with treatment. For measuring pain, the use of either a VAS or a Likert scale was originally recommended [14] ; we chose to use the VAS within our core-set, as we anticipated that, in doing so, the data would yield greater comparability with many studies that have used this measure to date. Further, for the work disability questions, we elected to also include school, running the household, etc. as possible work options. We believed that this would reduce the number of missing answers in those patients who did not officially ''work'' in the sense of paid employment. This modification appears to have paid off, in that for fewer missing answers were observed in the present study (19.8 percent had at least one missing in any of the two disability items at baseline or at follow-up) in comparison with those reported by Pellise et al. [30] (52%), who presumably used the question as it was originally formulated. For those specifically interested in looking at the loss of paid working days, e.g. for the purposes of economic analyses, these individual disability items could simply be examined together with the patients' demographic data to extract those with a valid work status. In this way, no information is actually lost through our modification of the question. We chose to add one extra item to the pre-treatment core-set, namely an assessment of general well-being (quality of life). We felt that the latter was not adequately covered by the question on symptom specific well-being, yet quality of life is known to be an important attribute in musculoskeletal outcomes research [35] . And, indeed, the rather poor relationship between the questionnaire on symptom-specific well-being and the longer quality of life confirmed that these two are measuring somewhat different attributes. We also added a further question to the post-treatment set of items to directly assess the patient's impression of the success of the operation. We considered this to be quite a different concept from the question of satisfaction with treatment of the back problem in our hospital, which is not only influenced by the specific result of the treatment itself but also by the patient's perception of the level of care, the kindness and Null hypothesis: true area = 0.5 competence of the staff, the conditions in the hospital, etc. Again, this was borne out by the lack of any particularly strong relationship between the two satisfaction questions (r=0.12, P=0.080), suggesting that they were, indeed, delivering different information.
Although we chose to put all items together as a composite scale, in order to examine the feasibility of providing a single multidimensional measure, it is conceivable that the future user would prefer to examine change for each domain separately. This always remains an option, of course, although the corresponding psychometric properties for each item (e.g. for reliability, sensitivity to change, etc.) would have to be taken into consideration in interpreting individual change.
Our follow-up time was only 6 months, which by some standards is considered short, especially for surgical interventions. However, as the aim of the study was not to report on the outcome for specific procedures per se, but rather to examine the performance of the core measures in relation to corresponding but longer questionnaires, the time of follow-up was considered less relevant. Further, judging by the effect sizes recorded, 6 months was certainly long enough to detect clinically relevant changes in the patients' status after this time.
Test-retest reliability
Overall, the test-retest reliability of the core measures was good, with intraclass correlation coefficients (ICCs) for the individual items ranging from 0.67 to 0.95, and with an ICC for the whole core set (considered as one score) of 0.91. These values were well within the range previously reported for many longer outcome instruments [11, 20, 21] . The minimum detectable change (MDC 95 ) for the entire core index, determined from the test-retest analyses, was calculated to be 1.7 points (maximum possible score for the index = 10 points). This value represents the minimum difference in an individual's score required to state with 95% confidence that real change is responsible for the difference, as opposed to just measurement error (noise in the system). The value of 17% (i.e. 1.7 expressed as a percentage of the maximum score for the index) lay approximately in the middle of the range of the MDC 95% values for the full questionnaires (7.8-28.8%; Table 3 ) and is similar to that reported for other LBP outcome instruments [11] . The cut-off for predicting a good outcome was a change in core-index score of about 3 points (=30% of the 0-10 scale). Hence, the clinically relevant change (30%; the ''signal'') for the core set far exceeded the minimum detectable change for the scale (17%; the ''noise''), suggesting it may be superior to a number of other LBP outcome instruments in this respect [23] . Even if ''satisfactory'' was considered to be a good outcome, the clinically relevant change was 1.85 points, which still exceeded the MDC 95% value.
Construct validity
With the exception of the item symptom specific wellbeing, the individual core items showed a moderate to high correlation with their corresponding full-version questionnaires (r=0.60-0.79), indicating that they showed good concurrent validity. ''Symptom-specific well-being'' showed little relationship to any of these other measures. Whilst this made validation of this item difficult, we must conclude that it is perhaps delivering unique information that may be of importance to the multidimensional nature of the overall index. It was a relatively reliable (ICC 0.67) and sensitive (effect size 0.72) item, and so, for the time being, we recommend its continued inclusion in the core-set.
The validity of the core set was also shown by the fact that it discriminated significantly between the surgical and conservative patients at baseline. The overall condition of a surgical patient is expected to be considerably worse than that of a patient undergoing conservative treatment, and this was clearly detectable with the core set.
Floor and ceiling effects
For three of the individual core items (function, disability and symptom-specific well-being), there were notable floor and ceiling effects, although all remained well below the ''critical level'' of 70% [25] . None of these effects were evident when the questions were combined to form the core index.
One factor that contributes to large floor and ceiling effects may be response bias. The selective participation of patients that were highly satisfied with their treatment may increase floor and ceiling effects. However, if great efforts are made to achieve good compliance at followup, this bias should be minimised. Since one way of improving compliance is to administer shorter questionnaires [17] , the benefit of the core-set for capturing the response of a larger proportion of all patients becomes immediately apparent. Some authors maintain that, with Likert scales typical of the kind used in the core-set, scale sensitivity (resulting from floor and ceiling effects) may be a concern. It is argued that small but meaningful changes in the patient's condition may go unobserved when only five categories are presented. The use of scales with a higher resolution e.g. ten-point scales with end-point definitions (similar to the pain VAS) has thus been recommended [10] . In contrast, other studies of patients with musculoskeletal problems have shown that the Likert scales and 0-10 VAS yield almost identical results and are equally sensitive, and that the Likert scales have the added advantage of being easier to administer and interpret [5] .
Responsiveness of the items/questionnaires
Good reliability and validity are prerequisites of all measurement instruments, especially when they are to be used to discriminate between subjects or predict prognosis [3, 26, 33] . However, the requirements for successful cross-sectional discrimination are not necessarily the same as those for successful longitudinal evaluation [26] , and when measures are being considered for monitoring treatment outcome measures, it is essential to know how well they can detect small but important clinical changes, i.e. how responsive they are [16] . This information is essential not only for clinical decision making, but also for the determination of sample size in clinical trials, to ensure that the latter are adequately powered to detect a difference between treatments if one is present.
The effect sizes for the changes in the core index score after treatment were similar to the surgical and the conservative patients (0.98 and 0.89, respectively) and, according to most grading systems, would be considered as large [9] . With the exception of the Likert pain scale, the core index was the most responsive measure of all the questionnaires administered.
As perhaps expected, the symptom-specific items (e.g. pain, function, symptom-specific well-being) were generally more responsive than the more generic items (e.g. general well-being). Interestingly, disability due to back problems (days of cut-down activities and days offwork) was somewhat less responsive than the other back-specific items. This may have been because there were a number of individuals in the study who were not employed as such (e.g. homemakers), and who were thus, in the absence of any compensatory/cover system, still obliged to continue with their daily work activities. Had these patients been employed at a workplace where their absence would be covered by others and financially compensated, then changes in their work disability might have been more discernible.
In the surgical patients, a cut-off value for the reduction in the index score of approximately 3 out of ten points differentiated between a good and a bad global treatment outcome with a sensitivity of 66% and a specificity of 94%. The high specificity shows that few patients with an index change of >3 rated their outcome as poor. The somewhat lower value for the sensitivity indicates that some patients who indicated that they had improved according to the global outcome showed only a moderate improvement (<3/10 score reduction) in relation to their change in core-index score. This would suggest that there might be other influential factors, not currently included in the core-set, which contribute towards producing a ''good'' global outcome rating. We did not include the measure ''satisfaction with treatment for the back problem'' in the ROC analyses, as this item is only determined after surgery and therefore does not yield a change score. Arguably, general satisfaction with care-determined by the perceived degree of effort made by the clinician to alleviate the problem, or by the prior establishment of realistic expectations-could have a strong influence on governing the overall rating of treatment outcome. Perhaps an additional core question, concerning the patients' expectations before treatment and the extent to which these were fulfilled after treatment, would provide this missing link.
In conclusion, we have established that a slightly modified version of the core outcome measures for LBP, originally recommended by Deyo et al [14] , displays psychometric characteristics that are to all intents and purposes as good as those of corresponding full-length questionnaires. Although some of the individual items show relatively large floor and ceiling effects, in contrast to the theory regarding the potential consequences of such effects these did not render the instrument unresponsive. We recommend the widespread and consistent use of the core-set in clinical trials, multicentre studies, routine quality management and surgical registry systems. Wider use of a uniform assessment tool would provide the framework for generating greater quantities of multinational LBP outcome data; ultimately, this should allow for an improved standard of care for the patient with LBP.
